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[5y  Cathode  ray  tube. 
©  A  cathode  ray  tube  (1)  having  a  body  (3)  of  glass  material 
and  a  faceplate  (5)  of  solid  phosphor  material.  The  body  (3) 
and  faceplate  (5)  are  sealed  together  by  a  sealant  (15)  of 
malleable  halide  material  -  for  example  silver  chloride,  or 
lead-silver  chloride  eutectic.  Sealing  is  effected  by  inserting  a 
ring  (15)  of  sealant  material  between  abutting  surfaces  of  the 
body  (3)  and  the  faceplate  (5),  heating  in  vacuum  to  above 
the  melting  point  of  the  sealant,  and  cooling  to  allow  the 
sealant  to  solidify.  The  faceplate  (5)  may  be  of  single  crystal 
material  -  eg  zing  tungstate  or  calcium  borate,  or  may  be  of 
hot  pressed  solid  material  -  eg  zinc  yttrium  silicate. 

in  
w  
(M 

oo 

Q. 
UJ 

Croydon  Printing  Company  Ltd. 

A   cathode  ray  tube  (1)  having  a  body  (3)  of  glass  material 
and  a  faceplate  (5)  of  solid  phosphor  material.  The  body  (3) 
and  faceplate  (5)  are  sealed  together  by  a  sealant  (15)  of 
malleable  halide  material -  for  example  silver  chloride,  or 
lead-silver  chloride  eutectic.  Sealing  is  effected  by  inserting  a 
ring  (15)  of  sealant  material  between  abutting  surfaces  of the 
body  (3)  and  the  faceplate  (5),  heating  in  vacuum  to  above 
the  melting  point  of  the  sealant,  and  cooling  to  allow  the 
sealant  to  solidify.  The  faceplate  (5)  may  be  of  single  crystal 
material -  eg  zing  tungstate  or  calcium  borate,  or  may  be  of 
hot  pressed  solid  material -  eg  zinc  yttrium  silicate. 



TECHNICAL  FIELD 

The  p r e s e n t   i n v e n t i o n   is  concerned  with  the  s t r u c t u r e   and  m a n u f a c t u r e  

of  a  ca thode  ray  tube,   and  in  p a r t i c u l a r   a  ca thode  ray  tube  h a v i n g  

a  f a c e  p l a t e   of  s o l i d   phosphor  m a t e r i a l .  

Cathode  ray  tubes  have  a p p l i c a t i o n   in  p h o t o - t y p e s e t t i n g   and  i n  

t e l e - c i n e m a t o g r a p h y .   In  both  these  a p p l i c a t i o n s   very   high  d e f i n i t i o n  

is  d e s i r a b l e .  

Cathode  ray  tubes  a lso   have  a p p l i c a t i o n   in  p r o j e c t i o n   d i s p l a y   and 

are  r e q u i r e d   for  c o c k p i t   head-up  d i s p l a y .   In  th i s   a p p l i c a t i o n   t h e  

tubes  must  suppo r t   a  high  i n t e n s i t y ,   e n e r g e t i c ,   e l e c t r o n   beam  and 

p r o v i d e   high  luminance .   The  phosphor  must  e x h i b i t   r e s i s t a n c e   t o  

"burn"  under  e l e c t r o n   bombardment .  

BACKGROUND  ART 

In  a  c o n v e n t i o n a l   ca thode  ray  tube,   p a r t i c u l a t e   c a t h o d o l u m i n e s c e n t  

phosphor   m a t e r i a l   is  p rov ided   as  a  d e p o s i t   on  the  i n t e r n a l   f a c e - p l a t e  

s u r f a c e   of  an  evacua ted   l e a d - g l a s s   enve lope .   The  r e a r   su r f ace   of  t h e  

phosphor   d e p o s i t   is  coated  with  conduc t ive   m a t e r i a l ,   which  l a t t e r  

p r o v i d e s   the  tube  anode.  When  the  phosphor  is  bombarded  by  e l e c t r o n s ,  

l i g h t   is  e m i t t e d .   This  l i g h t   is  s c a t t e r e d ,   however,   by  n e i g h b o u r i n g  

phosphor   p a r t i c l e s .   For  high  d e f i n i t i o n   a p p l i c a t i o n s ,   f i ne   p a r t i c l e  

phosphors   are  used.  The  u l t i m a t e   d e f i n i t i o n ,   however,   is  l i m i t e d . b y  

p a r t i c l e - s c a t t e r i n g ,   and  the  tubes  are  far   from  the  i d e a l   r e q u i r e d  

for   p h o t o - t y p e s e t t i n g   and  t e l e - c i n e   a p p l i c a t i o n s .   F u r t h e r m o r e ,   u n d e r  

high  i n t e n s i t y   bombardment,   phosphor  m a t e r i a l   can  become  d e p l e t e d ,  

and  the  g lass   can  me l t ,   r e form,   and  phosphor  can  become  embedded  i n  

the  g la s s   at  the  high  l o c a l i s e d   t empe ra tu r e s   tha t   r e s u l t   from  e l e c t r o n  

a b s o r b t i o n ,   ie  under  extreme  sc reen   load ings   "bu rn ing"   of  the  l e a d  

g l a s s   tube  f a c e p l a t e   l i m i t s   the  u s e f u l   l i f e   of  tubes  in t ended   f o r  

high  i n t e n s i t y   a p p l i c a t i o n .  



For  at  l e a s t   a  decade  now,  ca thode   ray  tube  des ign  has  been  u n d e r  

s c r u t i n y ,   with  a  view  to  e l i m i n a t i n g   the  g la s s   f a c e - p l a t e   pa r t   o f  

the  tube  and  r e p l a c i n g   i t   with  a  f a c e - p l a t e   of  so l id   p h o s p h o r  

m a t e r i a l .   A  major  problem  has  been  the  p r o v i s i o n   of  an  e f f e c t i v e  

vacuum  t i g h t   sea l   between  the  s o l i d   f a c e - p l a t e   and  l e a d - g l a s s  

e n v e l o p e .   In  one  i n s t a n c e   r e c e n t l y   r e p o r t e d   (Appl  Phys  L e t t   Vol  37 

No5  pp  471-2 ,   1980  )  t h i s   problem  has  been  avoided  by  us ing   t u b e  

m a t e r i a l   o the r   than  l e a d - g l a s s .   The  high  i n t e n s i t y   p r o j e c t i o n  

t e l e v i s i o n   tube,   d e s c r i b e d   t h e r e i n ,   comprises,   a  f a c e - p l a t e   o f  

y t t r i u m   aluminium  g a r n e t   (YAG)  s i n g l e   c r y s t a l   and  a  tube  body  o f  

high  d e n s i t y   s i n t e r e d   a lumina .   The  f a c e - p l a t e   is  s e a l ed   to  the  t u b e  

body  by  t he rmocompres s ion   bonding  us ing   aluminium  as  the  s e a l a n t  

m a t e r i a l .   For  th i s   cho ice   of  a lumina   and  ga rne t   m a t e r i a l s   t h e  

e x p a n s i o n   p r o p e r t i e s   of  both  the  body  and  the  a t t a c h e d   f a c e - p l a t e   a r e  

wel l   matched .   However,  t h i s   approach   to  the  problem  is  c o m p l e x ,  

e x p e n s i v e ,   and  r e q u i r e s   s p e c i a l i s t   equipment   for  tube  m a n u f a c t u r e .  

DISCLOSURE  OF  THE  INVENTION 

The  i n v e n t i o n   is  i n t e n d e d   to  p r o v i d e   a  vacuum  t i g h t   sea l   b e t w e e n  

g l a s s   and  a  f a c e - p l a t e   of  s o l i d   phosphor   m a t e r i a l .   Since  l e a d - g l a s s  

may  be  used  for  the  m a t e r i a l   of  the  tube  body,  c o n v e n t i o n a l   t u b e  

m a n u f a c t u r e   t o o l i n g ,   may  wi th   l i t t l e ,   if   any,  m o d i f i c a t i o n ,   b e  

u t i l i s e d   in  the  course   of  m a n u f a c t u r e ,   and  much  of  the  t e c h n o l o g y  

r e q u i r e d   is  a l r e a d y   f a m i l i a r .  

In  a c c o r d a n c e   with  a  f i r s t   a s p e c t   of  t h i s   i n v e n t i o n   the re   i s  

p rov ided   a  ca thode  ray  tube  having  a  body  of  g lass   m a t e r i a l ,   and,  a  

f a c e - p l a t e ,   at  the  end  o f . t h e   body,  of  so l i d   phosphor  m a t e r i a l ,  

w h e r e i n ,   t he re   is  p rov ided   between  the  body  and  the  f a c e p l a t e ,   a  

sea l   of  m a l l e a b l e   h a l i d e   m a t e r i a l .  



The  s e a l a n t   m a t e r i a l   may  be  composed  of  a  s ing le   h a l i d e ,   p r e f e r a b l y ,  

s i l v e r   c h l o r i d e .   This  p r e f e r r e d   m a t e r i a l   has  a  m e l t i n g   po in t   o f  

455°C,  some  800C  below  the  s o f t e n i n g   po in t   of  l e a d - g l a s s .   Being  o f  

m a l l e a b l e   m a t e r i a l ,   th i s   sea l   can  accommodate  the  shear  s t r e s s  

produced  by  thermal   cyc l ing   in  a  normal  env i ronmen t .   The  f a c e - p l a t e  

used  may  be  of  s i n g l e - c r y s t a l   m a t e r i a l ,   even  one  e x h i b i t i n g  

r e l a t i v e l y   high  a n i s o t r o p i c   expans ion ,   for  the  m a l l e a b l e   seal   may 
accommodate  t h i s .  

A l t e r n a t i v e l y ,   the  s e a l a n t   m a t e r i a l   may  be  composed  of  a  compound 

h a l i d e ,   for  example  a  h a l i d e   compound,  of  e u t e c t i c   c o m p o s i t i o n ,   and 

in  p a r t i c u l a r   the  e u t e c t i c   of  s i l v e r - l e a d   c h l o r i d e .   This  l a t t e r  

m a t e r i a l   has  a  me l t i ng   po in t   of  310°C,  is  m a l l e a b l e ,   and  may  be  u s e d  

where  a  lower  t e m p e r a t u r e   s e a l a n t   is  r e q u i r e d .  

In  a cco rdance   with  a  second  a s p e c t   of  th is   i n v e n t i o n   there   is  p r o v i d e d  

a  method  of  m a n u f a c t u r i n g   a  ca thode  ray  tube,   th i s   method  c o m p r i s i n g  

the  s t eps   o f : -   i n t e r p o s i n g   a  r ing  of  h a l i d e   s e a l a n t   m a t e r i a l  

between  a b u t t i n g   s u r f a c e s   of  a  so l id s   phosphor  f a c e - p l a t e   and  a  g l a s s  

tube  or  i n t e r m e d i a r y   g lass   hous ing ;   m a i n t a i n i n g   the  whole  in  a 

vacuum  and  hea t i ng   to  a  t e m p e r a t u r e   at  or  a b o v e  t h e   m e l t i n g   p o i n t  

of  the  s e a l a n t   m a t e r i a l ,   w h i l s t   m a i n t a i n i n g   the  f a c e - p l a t e   and  t h e  

g l a s s   i n  f o r c e d  c o n t a c t ,   u n t i l   the  s e a l a n t   m a t e r i a l   s t a r t s   to  f l o w ;  

and,  coo l ing   to  allow  the  s e a l a n t   m a t e r i a l   to  s o l i d i f y .  



BRIEF  INTRODUCTION  OF  THE  DRAWINGS 

In  the  accompanying  d r a w i n g s : -  

FIGURE  1  is  a  c r o s s - s e c t i o n   drawing  of  a  cathode  ray  tube  h a v i n g  

a  s o l i d s   phosphor   f a c e - p l a t e ;  

FIGURE  2  is  a  s chemat i c   c r o s s - s e c t i o n   drawing  of  a  ca thode  r a y  
tube  i n : c o u r s e   of  c o n s t r u c t i o n ;   a n d ,  

FIGURE  3  is  a  s chemat i c   c r o s s - s e c t i o n   drawing  of  a  ca thode  r a y  
tube  i n c l u d i n g   a  g lass   ceramic   f a e e - p l a t e   h o u s i n g .  

DESCRIPTION  OF  THE  EMBODIMENTS 

Embodiments  of  the  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

example  on ly ,   and  wi th   r e f e r e n c e   to  the  accompanying  d r a w i n g s : -  

In  f i g u r e   1  t h e r e   is  shown  a  ca thode   ray  tube  1  having  a  l e a d - g l a s s  

tube  wa l l   3  wi th   a  s o l i d   phosphor  f a c e - p l a t e   5  sea led   to  the  t u b e  

wal l   3  at  the  lower  f l a r e d   end  of  the  ca thode   ray  tube  1.  An  a n o d e  

c o n t a c t   7  is  s e a l e d   in to   an  a p e r t u r e   th rough  the  g lass   wal l   3  at  t h e  

f l a r e d   end  of  the  tube  1  and  aluminium  e l e c t r o d e   m a t e r i a l s   9  has  b e e n  

d e p o s i t e d   over  the  r e a r   face  of  the  f a c e - p l a t e   5  and  over  the  l o w e r  

i n s i d e   s u r f a c e   p o r t i o n   of  the  tube  1,  to  cover  and  make  c o n t a c t   w i t h  

the  anode  c o n t a c t   7.  A  cathode  gun  and  c o n t r o l   o p t i c s   (not  shown) 

are  mounted  and  s e a l e d   in to   the  upper  end  of  the  tube  1,  and  a  vacuum 

prov ided   in  the  enc lo sed   tube  1 .  

In  f i g u r e   2,  t h i s   tube  1  is  shown  du r ing   a  s tage   of  i t s   c o n s t r u c t i o n .  

Here,  the  f a c e - p l a t e   5  is  suppor ted   on  a  v e r t i c a l   p e d e s t a l   11  w i t h i n  

a  vacuum  chamber  13.  The  l e a d - g l a s s   tube  3  is  a r ranged   to  r e s t   upon  
the  s u r f a c e   of  the  f a c e - p l a t e   5  and  is  we igh ted   at  i t s   upper  end  t o  

i n c r e a s e  t h e   p r e s s u r e   of  the  tube  upon  the  s u r f a c e   of  the  f a c e - p l a t e  

and  to  m a i n t a i n   the  two  in  fo rced   c o n t a c t .  



A  r ing   of  s e a l a n t   m a t e r i a l   15,  cut  from  a  r o l l e d   shee t   of  s i l v e r  

c h l o r i d e ,   has  been  i n t e r p o s e d   between  the  g la s s   tube  3  and  the  f a c e -  

p l a t e   5.  The  end  s u r f a c e   of  the  g lass   tube  3  and  the  upper  s u r f a c e  

of  the  f a c e p l a t e   5  have  been  p o l i s h e d   to  ensure   a  good  s e a l .  

The  f a c e p l a t e   5,  shown  in  th i s   example,  has  been  c l eaved   from  a 

s tock  of  s ing le   c r y s t a l   zinc  t u n g s t a t e   m a t e r i a l .  

The  tube  3  and  f a c e p l a t e   5  are  sur rounded  by  an  e l e c t r i c a l  h e a t e r  

winding  17  and  c y l i n d r i c a l   l i n e r   19.  To  e f f e c t   the  s e a l ,   t h e  

t e m p e r a t u r e   is  r a i s e d   above  the  me l t i ng   po in t   (4550C)  of  the  s e a l a n t  

m a t e r i a l   and  m a i n t a i n e d   u n t i l   the  s i l v e r   c h l o r i d e   m a t e r i a l   s t a r t s   t o  

flow  to  the  edges  of  the  tube  3.  The  t e m p e r a t u r e   is  then  s l o w l y  

l.owered  and  the  s e a l a n t   a l lowed  to  s o l i d i f y .   This  is  then  f o l l o w e d  

by  anode  d e p o s i t i o n   and  ca thode   gun  mounting  s t a g e s .   S u b s e q u e n t l y  

the  whole  is  annealed   at  approx  400°C  and  the  ca thode  ray  tube  1 

is  vacuum  s e a l e d .  

Typ ica l   d imensions   for  the  above  cathode  ray  tube  c o n s t r u c t i o n   a r e  

given  as  f o l l o w s : -  

Zinc  t u n g s t a t e  e m i t s  a t  t h e   blue  end  of  the  v i s i b l e   spectrum  and  i s  

r e a s o n a b l y   well  su i t ed   t h e r e f o r e   to  p h o t o - t y p e s e t t i n g   a p p l i c a t i o n .  

As  s ing le   c r y s t a l   m a t e r i a l   is  used,   the  problems  of  p a r t i c l e  

s c a t t e r i n g   are  obv ia ted   and  c l e a r   d e f i n i t i o n   can  be  o b t a i n e d .  

For  t e l e - c i n e   a p p l i c a t i o n ,   a  b roader   s p e c t r a l   band  r e sponse   i s  

d e s i r a b l e .   Doped  calcium  b o r a t e   s ing le   c r y s t a l   f a c e p l a t e   m a t e r i a l   i s  

p r e f e r r e d   for  th i s   a p p l i c a t i o n .  



The  s i l v e r   c h l o r i d e   s e a l a n t   m a t e r i a l   w i l l   a lso   form  a  good  sea l   w i t h  

g l a s s   ce ramic .   In  the  a l t e r n a t i v e   c o n s t r u c t i o n  s h o w n   in  f i g u r e   3 ,  

the  f a c e p l a t e   5  is  sea led   to  the  g la s s   tube  3  us ing  an  i n t e r m e d i a r y  

hous ing   21  of  machined  g las s   ce ramic .   The  g lass   tube  3  has  b e e n  

bonded  to  the  ceramic  hous ing   21  us ing   a  g l a s s   f r i t .   ( I t   is  n o t e d  

tha t   the  h a l i d e   s e a l a n t   could  a lso  be  used  in  p lace   of  th is   g l a s s  

f r i t ) .   The  ceramic  hous ing  21  is  s ea led   to  the  f a c e p l a t e   5  u s i n g  

a  r ing   of  s e a l a n t   as  d e s c r i b e d   a b o v e .  

Single   c r y s t a l   f a c e p l a t e   ca thode   ray  tubes   however,   do  not  appear   t o  

be  wholly  s a t i s f a c t o r y   for  high  i n t e n s i t y   a p p l i c a t i o n s .   A  p a r t i c u l a r  

draw-back  here  is  the  low  o p t i c a l   e f f i c i e n c y   r e s u l t i n g   from  i n t e r n a l  

r e f l e c t i o n s   w i t h i n   the  c r y s t a l .   As  a l t e r n a t i v e ,   a  r e f r a c t o r y   s o l i d s  

f a c e p l a t e   of  p a r t i c u l a t e   phosphor  m a t e r i a l  -   eg  hot  p r e s sed   z i n c  

y t t r i u m   s i l i c a t e   (ZnY2Si20$)  can  be  used  for  these  a p p l i c a t i o n s .  

I t   is  noted  t ha t   the  s e a l a n t   m a t e r i a l   s i l v e r   c h l o r i d e   has  g e n e r a l  

a p p l i c a t i o n   where  a  sea l   is  r e q u i r e d   between  g l a s s   and  a  s o l i d s  

phosphor .   Some  m a t e r i a l s ,   however,   may  b e n e f i t   by  having  a  l ayer   o f  

aluminium,  s e v e r a l   hundred  Angstroms  t h i c k ,   evapora t ed   p r i o r   t o  

s e a l i n g   under  vacuum.  

For  s e a l i n g   m a t e r i a l s   at  lower  t e m p e r a t u r e s ,   e u t e c t i c   l e a d - s i l v e r  

c h l o r i d e   (mpt  310 C)  could  be  used  as  an  a l t e r n a t i v e   s e a l a n t   m a t e r i a l .  

All  s ea l s   of  t h i s   n a t u r e   e x h i b i t   a  m a l l e a b i l i t y   at  room  t e m p e r a t u r e ,  

p r e v e n t i n g   damaging  shear  fo rces   being  i n - b u i l t .  



1.  A  cathode  ray  tube  (1)  compr i s ing :   a  tube  body  (3),  and  a  s o l i d s  

phosphor  f a c e p l a t e   (5)  at  the  end  of  the  body;  

C h a r a c t e r i s e d   in  t h a t : -  

The  tube  body  (3)  is  of  glass   m a t e r i a l ,   and  between  the  body  (3)  

and  the  f a c e p l a t e   (5)  there   is  p r o v i d e d   a  sea l   (15)  of  m a l l e a b l e  

h a l i d e   m a t e r i a l .  

2.  A  cathode  ray  tube  (1),  as  c laimed  in  claim  1,  where in   the  s e a l  

(15)  is  of  s i l v e r   c h l o r i d e   m a t e r i a l .  

3.  A  cathode  r a y  t u b e  ( 1 ) ,   as  c laimed  in  claim  1,  where in   the  s e a l  

(15)  is  of  s i l v e r - l e a d   c h l o r i d e   e u t e c t i c   m a t e r i a l .  

4.  A  cathode  ray  tube  (1),  as  claimed  in  any one  of  the  p r e c e d i n g  

c la ims ,   where in   the  f a c e p l a t e   (5)  is  of  zinc  t u n g s t a t e   s i n g l e  

c r y s t a l   m a t e r i a l .  

5.  A  cathode  ray  tube  (1),  as  claimed  in  any one  of  the  p r e c e d i n g  

claims  1  to  3,  wherein  the  f a c e p l a t e   (5)  is  of  doped  c a l c i u m  

bo ra t e   s i n g l e   c r y s t a l   m a t e r i a l .  

6.  A  cathode  may  take  (1),  as  claimed  in  any one  of  the  p r e c e d i n g  

claims  1  to  3,  wherein  the  f a c e p l a t e   (5)  is  of  r e f r a c t o r y   s o l i d s  

p a r t i c u l a t e   phosphor   m a t e r i a l .  

7.  A  cathode  ray  tube  (1),  as  claimed  in  claim  6,  where in   the  f a c e -  

p l a t e   (5)  is  of  h o t - p r e s s e d   zinc  y t t r u i m   s i l i c a t e   m a t e r i a l .  



8.  A  method  of  m a n u f a c t u r i n g   a  ca thode  ray  tube,   t h i s   me thod  

c o m p r i s i n g   the  s teps   o f : -  

i n t e r p o s i n g   a  r ing   (15)  of  h a l i d e   s e a l a n t   m a t e r i a l   between  a b u t -  

t i ng   s u r f a c e s   of  a  s o l i d s   phosphor   f a c e p l a t e   (5)  and  a  g lass   t u b e  

(3)  or  i n t e r m e d i a r y   g las s   hous ing   (21);  m a i n t a i n i n g   the  whole  i n  

a  vacuum  and  h e a t i n g   to  a  t e m p e r a t u r e   at  or  above  the  m e l t i n g  

p o i n t   of  the  s e a l a n t   m a t e r i a l   (15),   w h i l s t   m a i n t a i n i n g   the  f a c e -  

p l a t e   (5)  and  the  g la s s   (3  or  21)  in  fo rced   c o n t a c t ,   u n t i l   t h e  

s e a l a n t   m a t e r i a l   (15)  s t a r t s   to  flow;  and,  c o o l i n g   to  allow  t h e  

s e a l a n t   m a t e r i a l   (15)  to  s o l i d i f y .  
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